Summary
Ischaemic mitral regurgitation (IMR) is defined as functional MR with systolic restriction of leaflet motion, apical and lateral displacement of the subvalvular apparatus, and annular dilatation in the presence of a morphologically normal mitral valve. IMR is usually caused by LV dilatation in the setting of ischaemic or idiopathic dilated cardiomyopathy (CMP). Left ventricular dilatation leads to dilatation of the mitral annulus and to apical and lateral displacement of one or both papillary muscles with tethering of the valve leaflets and consecutive IMR. Therefore, IMR begets IMR with a vicious cycle of increased volume load leading to ventricular dilatation, leading to more IMR etc. Although MR is thought to unload the LV, wall stress is increased due to LV dilatation according to Laplace's law. IMR is therefore thought to be primarily a ventricular and not a valvular problem. IMR is known to be prognostically important irrespective of LV function and of IMR severity at rest, because it is very dynamic and sensitive to loading conditions. IMR may frequently be severe during daily activity inducing LV failure on the long term. Therefore, dynamic testing is becoming the method of choice for assessment of these patients. Medical therapy has been shown to be inferior to surgery in the setting of IMR. Although still controversial with regard to what surgical method may be best not only to correct IMR, but also to induce a change in LV size and shape -the so-called reverse remodeling -surgical treatment is indicated with a documented effective regurgitant orifice area (EROA) >20 mm 2 and a regurgitant volume (Rvol) >30 ml by transthoracic echocardiography (TTE) at rest or with an increase of EROA >13 mm 2 in exercise TTE. Furthermore, intraoperative provocative testing may help identify significant IMR.
Correction of IMR is usually done by restrictive annuloplasty with aggressive undersizing of a conventional closed and semirigid annuloplasty ring. Improved LV function and a decreased need for cardiac transplantation has been seen in published series. With the advent of new rings and devices specifically designed for correction of IMR, results may further improve. Modern specific annuloplasty rings are designed to correct the down-and outward displacement of the subvalvular apparatus by inducing an acute valvular and ventricular reshaping. With the choice of various models, IMR may be corrected more precisely by selecting a type of ring according to the geometry of the regurgitant jet and the distortion of the valve leaflets. In case of ischaemic CMP, not only complete revascularisation, but also resection of aneurysmatic myocardial scar tissue and surgical LV remodeling is usually performed. With the help of new devices such as the ACORN CorCap ® device further dilatation may effectively be prevented and may even improve LV function in selected patients. Alternatively, cardiac transplantation, implantation of an assist device for destination therapy in patients not qualifying for cardiac transplantation or resynchronisation therapy may be evaluated in very advanced cases.
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Echocardiographic evaluation
Echocardiographic assessment is the most important tool for the evaluation of mitral valve morphology and function. Usually, transthoracic echocardiography (TTE) provides accurate information on the severity of mitral regurgitation. However, grading of MR into mild, moderate and severe does not provide sufficient information, nor simple estimation of the severity based on visual impression of the regurgitant jet. Instead quantification of MR, preferentially by the PISA method, calculating EROA and RVol, should always be performed, if possible. Limitations of the PISA method are well recognised [5, 6] , being more accurate for central than eccentric regurgitant jets, and a circular than non-circular orifice. Flow convergence should be optimised from an apical view using a zoom mode. Results vary widely for calculations at different aliasing velocities and care must be taken to use the velocity at which the hemispheric formula applies best. Furthermore, for determination of EROA, it is essential that the CW Doppler signal be well aligned with the regurgitant jet [6] . The severity of MR should be assessed in the awake patient by TTE, because of representative afterload conditions. This is true for all mechanisms of MR, which may be reduced by sedation or general anaesthesia for TOE, except for MR due to a flail leaflet, which has been shown to be largely unaffected by afterload reduction with anesthesia [7, 8] . Especially IMR is very In patients without or insufficient preoperative echoardiographic evaluation an intraoperative loading test may be performed [9] [10] [11] (fig. 2) . Future studies will have to elucidate, how patients with IMR will best be selected for surgical correction. To avoid overlooking an important IMR, all patients scheduled for coronary revascularization, whether it be interventionally or surgically, should undergo TTE assessment. Suspicion should be high in patients with a history of inferoposterior or anterior infarction, impaired LV function (EF <45%), enlarged LV and dyspnea as 
Figure 4
Modern specific IMR annuloplasty rings. AThe Etlogix annuloplasty ring (Edwards Lifesciences Inc., Irvine, CA, USA) designed for correction of asymmetrical IMR. Tethering of P3 is counteracted by reduction of the septo-lateral diameter between A2 and P2 by 25% and between A2 and P3 by 33% in comparison to a conventional annuloplasty ring, and by a relative downward shifting of the annulus at P3. BT he GeoForm annuloplasty ring (Edwards Lifesciences Inc., Irvine, CA, USA) designed for correction of symmetrical IMR.
With its bone-shaped design, septo-lateral distance is maximally reduced. The three-dimensional design of the ring counteracts the apical down-and outward displacement of the subvalvular apparatus and the LV wall, leading to an acute reverse remodeling of the LV and to a competent valve. [18, 20] , but also has a positive effect, at least on the short and mid term postoperatively [17] [18] [19] 21] . Furthermore, interventional or surgical revascularisation is superior to medical therapy alone concerning long-term outcome in this setting [22] .
IMR may present within a broad clinical spectrum. On one hand, it may be only mild and accompany CAD with preserved LV function, normal LV size and predominantly angina pectoris. In this situation, myocardial revascularisation alone would suffice. On the other hand, IMR may be severe in the setting of ischaemic CMP with severely impaired LV function, dilated LV and predominantly clinical signs of heart failure. In this situation, treatment should not be restricted to myocardial revascularisation alone, but include restoration of mitral valve function [9, 10] (class IIB recommendation of the ACC/AHA Guidelines [23] ). Treatment of IMR in patients presenting in between these two extremes is still controversial and subject of ongoing debate. However, there are data to indicate benefit from MV repair in such patients [2, 19, 23] . We, like others [3] address IMR whenever an EROA >20 mm 2 or RVol >30 ml is demonstrated in the awake patient in the setting of chronic ischaemia, present at least 6 weeks after acute myocardial infarction [2] . Therefore, IMR earlier after acute myocardial infarction or in the setting of an acute coronary syndrome is only addressed surgically when deemed severe (EROA >40 mm 2 , RVol >60 ml), since milder forms of MR are frequent in up to 60% of patients and may resolve spontaneously [1]. Correction of IMR was until now primarily addressed by aggressive undersizing of a conventional closed and semirigid annuloplasty ring [21] , performing a so-called restrictive annuloplasty, preferably with a rigid closed annuloplasty ring [24] (fig. 3) . Use of open or flexible rings are associated with an unacceptably high recurrence rate [25] . Some authors have advocated additional chordal cutting [26] , relocation of the posterior PM by a traction suture [27] , posterior leaflet patch extension or application of the Alfieri stitch [28] for correction of IMR. However, none of these various techniques have found widespread use, probably due to the production of unpredictable results and a lack of long-term data on durability and efficacy [27] . Early results reported by the Cleveland Clinic using restrictive annuloplasty alone have shown a decreased need for cardiac transplantation and improved LV function. However, just by eliminating MR not all LVs responded with a clinically beneficial re-remodeling and in many patients MR reoccurred [21, 29] . With vigorous down-sizing, MR recurrence could be reduced in recent series [21] and LV function was shown to improve consistently [17] . With the advent of new rings and devices specifically designed for correction EtLogix Geoform p-value n = 36 n = 11 Age (y) 64 ± 10 65 ± 14 ns Etiology CAD / dCMP 30 / 69 / 2n s EuroScore 6.8 ± 2.5 7.9 ± 2.5 ns LVEF %3 9.3 ± 13 30 ± 12 ns LVEDD mm 58 ± 86 2 ± 9n s LVESD mm 45 ± 95 2 ± 70 .06 MR 3.2 ± 0.9 3.6 ± 0. of IMR, results may further improve [30] . Modern specific annuloplasty rings ( fig. 4 ) are designed to correct the down-and outward displacement of the subvalvular apparatus caused by LV remodeling by in-and upward reshaping at the anular level. Interestingly, computer animated simulations showed decreased stress forces on the subvalvular apparatus and the leaflets after correction than before, and instant spherical reshaping and a decrease in size of the LV in animal and early clinical studies [Alfieri et al.; unpublished data]. Furthermore, the most recently developed Geoform ring (Edwards Lifesciences Inc., Irvine, CA, USA) is thought to equally well address the usually more central MR seen in dilated cardiomyopathy (CMP) and the usually more posteriorly excentric MR in ischaemic CMP. These specific rings should be implanted without down-sizing and with deep well-anchored sutures along the mitral annulus. Despite the advent of these new technologies, the question remains, if a severely dilated LV should be treated with additional measures. Threshold values for LV dilatation may be used to select those patients probably responding well to mitral annuloplasty alone from those with irreversible LV dilatation and impaired function [13] . In case of ischaemic CMP, not only complete revascularisation, but also resection of aneurysmatic myocardial scar tissue and surgical LV remodeling as proposed by Dor [31] should be performed. Furthermore, by wrapping the heart with the ACORN CorCap ® device further dilatation can effectively be prevented and may even improve LV function in selected patients [32, 33] . Alternatively in very advanced cases, cardiac transplantation may be evaluated. Many of these patients already profit from resynchronisation therapy when presenting for surgery.
Early experience with the use of specific annuloplasty rings for correction of IMR at our institution (University Hospital Bern) is prom- In 42 patients, additional procedures, mainly coronary artery bypass surgery (n = 37) were concomitantly performed. Low mean mitral gradients were measured early postoperatively (ER: 4.6 ± 1.7; GR: 3.7 ± 1.9 mm Hg; p = 0.5) and no important residual MR was observed ( fig. 5A, B) . No early death or stroke occurred. ICU and hospital stay were 3.6 ± 4.7 and 15.9 ± 14.6 days, respectively. During a total observation period of 17.1 ± 7.3 months for ER and 6.7 ± 2.9 for GR, one late death and no reoperation occurred. Echocardiographic controls showed no recurrent MR and improved LV function in the majority of patients ( fig. 5C, D) . Our experience demonstrates, that these new specific annuloplasty rings allow effective and durable correction of IMR. On-going follow-up will allow to assess their impact on long-term survival and cardiac function. In comparison to published mortality rates of up to 10-12% [34, 35] , our results compare favorably.
Alternative approaches to IMR
A multitude of newly designed surgical and percutaneous catheter-based devices are currently being evaluated in animal and clinical studies for the treatment of IMR. Among them, the Coapsys ® device (Myocor Inc., Maple Grove, MN, USA) adopts the concept of septolateral cinching proposed by Fukamachi [36] for surgical correction of IMR. Animal studies have shown effective elimination of IMR [37] and although clinical experience with 34 implants reported last year is still small, 1-yearresults appear promising [38] . The same concept is percutaneously applied with the PS3 TM device (Ample Medical Inc., Foster City, CA, USA), having been reported to be implanted in 2 patients only so far [39, 40] with good short-term results. With the Viking TM device (Edwards Lifesciences Inc., Irvine, CA, USA), a catheter-based annuloplasty is performed across the coronary sinus [41] . Early results of 5 patients reported last year was disappointing with device separation and recurrent MR, provoking discontinuation of patient enrollment [42] . Another percutaneous device, the MitraClip (Evalve Inc., Redwood City, CA, USA) allows edge-to-edge leaflet plication by a clip, restoring leaflet coaptation and reducing MR [43] . This technique is adopted from the open edge-to-edge repair propagated by Alfieri [28] . However, without combined annuloplasty, results may be less durable [44] . Results reported from the EVEREST phase I trial in 2005 demonstrated the need for surgical mitral repair due to device failure in 5 of 24 patients within 30 days. At 6 months follow-up, 13 patients presented with grade £ 2 residual MR and 2 with grade £ 3. It was concluded, that the device is safe and that it reduces IMR in a significant proportion of patients to 6 months [43] . The on-going phase II randomised trial will allow evaluation of the risk-benefit profile of this technique.
In summary, IMR in the setting of ischaemic and dilated CMP is frequent and has been shown to have a negative impact on patient survival. Quantitative assessment under resting conditions is standard today and indicative for surgical treatment, but IMR may be underestimated because of its dynamic nature. Therefore, evaluation during exercise testing is very helpful, especially in borderline cases. Despite established threshold values for the severity of IMR, the indication for surgical treatment must be individualised, especially in patients with moderate IMR, in whom surgical treatment remains controversial. Additional surgical measures should be considered in severe LV dilatation and alternative treatment strategies discussed in patients with end-stage CMP.
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